important, because in certain conditions it may be very difficult to occlude the lumen, especially if intestinal tone is diminished. This system has been used in some recent studies, designed to test the practical importance of excluding reflux and contamination in jejunal studies of salt and water absorption (Sladen & Dawson 1970) . For this purpose, segmental absorption rates were measured in a series of normal individuals during perfusion periods with the balloons both inflated and deflated.
Under the conditions of this particular study, it appeared that proximal reflux of infused fluid was responsible for some of the variability of certain solute absorption rates between individuals. However, the extent of reflux was relatively constant in individual studies. Contamination interfered with the setting up of a steady state, but was rarely continuous or heavy. Other uncontrollable factors seemed to be responsible for most of the variability of absorption rates both within and between individual studies. In an approximately comparable series of triple lumen tube perfusions, Sladen & Dawson (1970) found a somewhat greater variability of individual absorption rates and attributed this to the presence of the mixing segment. They concluded that the triple lumen tube method has the advantage of relative simplicity and may be the better general purpose method, whereas the proximal balloon technique may be preferable for obtaining the most accurate information in situations where it is desirable to control rigidly input solute concentration and flow rate.
For similar reasons, Devroede & Phillips (1969) have modified the simple colon perfusion technique. They incorporated extra lumens which enable fasting ileal contents to be aspirated proximal to the cwcal infusion point. In this way, proximal reflux of infused solution into the ileum can be accounted for and contamination from the ileum partially prevented. Their calculations suggest that ileal contamination might result in serious underestimation of colonic water absorption rates to the extent of 50% or more. However, they have not compared perfusion periods with and without free ileal contamination, so that the practical consequences of such contamination on measured absorption rates are uncertain.
Conclusion
At the present time, net absorption of water and the major intestinal electrolytes in man is best measured by means of the continuous steady state perfusion technique. The accuracy of the information can be improved if proximal reflux of infused material and contamination from above are minimized. This technique may not, however, readily demonstrate net absorption of certain slowly absorbed electrolytes, such as calcium and magnesium, for which a closed loop system with prolonged mucosal exposure may be required. 
Interpretation of Electrical Potential Differences
The epithelium lining the alimentary tract is electrically polarized, the blood side of the epithelium normally being positively charged with respect to the lumen. The magnitude of the potential difference (PD) differs considerably in various parts of the gut although the general pattern is similar in most species. Thus the potential in the stomach is relatively high, about 20 to 40 mV. In the small intestine it is low, 10 mV or less, while in large intestine it is usually greater than 20 mV and in some species, for example the dog, values of40 mV or more have been observed.
The potential may arise in several ways. Thus, an observed value may be the result of the operation of several processes so that its interpretation must depend on consideration of all the relevant circumstances. Two sources of potential, namely transepithelial diffusion potential and osmotically-induced potential, are not limited to biological systems. Diffusion potentials depend on the different mobility of various ions when moving through solutions or tissues. These potentials may therefore be present whenever solutions of differing ionic strength or composition are allowed to diffuse into each other. Thus, if the solution within the intestinal lumen differs from that on the blood side of the epithelium (extracellular fluid in the living animals) then diffusion potentials across the epithelium will be present. They may be of considerable magnitude.
Osmotically-induced potentials arise when there is an osmotic pressure gradient across the epithelium, and have been demonstrated with in vitro intestinal preparations by Smyth & Wright (1966) . They probably result from the flow of fluid through charged pores, the flow being the result of the osmotic gradient. They are often called streaming potentials but, since their exact origin is not certainly established, this term is probably best avoided at present.
Both diffusion and osmotically-induced potentials occur in non-living systems but the potentials of most interest to us are those which are unique to living epithelia and associated with active transport processes. These transport or transfer potentials can be observed when the epithelium is bathed on each side by solutions of identical composition so that ionic and osmotic gradient effects are eliminated. The magnitude of the transfer potentials depends on several factors. In the first place, the metabolic activity of the tissue is of considerable importance. If the animal is deprived of oxygen, for example by being given only nitrogen to breathe, or if the bloodflow to the tissue is much reduced, the potential falls rapidly, dropping to almost zero in a few minutes, with swift recovery on restoring normal respiration (Edmonds & Marriott 1968) . With in vitro preparations it has been shown that the transfer potentials depend on the availability of substances like hexoses which can be metabolized by the tissue as discussed in detail by Smyth (1965) . A variety of metabolic inhibitors, e.g. dinitrophenol and iodoacetate, can reduce the potential although usually these must be applied to the blood side of the epithelium and so their effects have usually been demonstrated with in vitro preparations (Schultz & Zalusky 1964 , Edmonds & Marriott 1968 . Ouabain also reduces the transfer PD but it too must be applied to the blood side, and in a relatively high concentration of 104-10-3mol/litre.
The transfer potentials appear to be associated with active transport of charged particles across the epithelium and, not unexpectedly, the magnitude of the potential is influenced by altering the amount of substance available for transport. For example, in the colon, where the potential is closely related to the active absorption of sodium ions, a reduction of the sodium concentration of the solution in the lumen usually brings about a greater fall in potential than similar changes in concentration of other ions (Edmonds & Marriott 1968) . This example does, however, illustrate the difficulty that can arise in interpreting changes of potential, since alteration of sodium concentration means that an additional effect due to ionic gradients is introduced into the system. The appearance of a diffusion potential may therefore obscure any effect on the transport potential.
In addition to the potential variations produced by altering the electrolyte concentrations, a change of nonelectrolytes in the luminal solution can influence strikingly the magnitude of the transfer potential. This was first observed with some sugars but now it is known that many other substances, particularly amino acids, have this effect. The changes are most obvious in the jejunum and become less marked along the length of the ileum while in the colon the transfer potentials are uninfluenced by nonelectrolytes in the luminal solution. The nonelectrolytes which influence the transfer potential also influence the movement of other ions, particularly sodium, and only those nonelectrolytes which are actively absorbed will stimulate a rise of potential. The origin of these phenomena has been discussed recently by Crane (1968). One possible explanation is that the movement of ions, especially sodium, across the luminal plasma membrane of the epithelial cells is linked to that of nonelectrolytes. The addition of nonelectrolytes then facilitates entry of ions into the cell and thereby increases the activity of electrogenic 'pumps' which transfer ions from the cell to the extracellular fluid.
Another important factor influencing the transfer potential is related to the action of hormones. Studies in this area have been relatively limited but one group of hormones, the mineralocorticoids, have been shown to produce considerable changes. Aldosterone, for example, produces a rise of potential which is greatest in the distal colon. The rise is much less in the ascending colon and is slight or absent in the small intestine. A few hours of aldosterone administration to the rat leads to a rise of potential from a normal value of 10-20 mV to 40-60 mV in the maximally responding region of the colon (Edmonds & Marriott 1967) . These effects have also been observed in man and occur whether aldosterone is given exogenously or is produced endogenously (Edmonds & Richards 1970) .
The functional state of the epithelium would also be expected to influence the PD and in intestinal disease changes would be anticipated.
Several observers have studied small intestinal potential but failed to find significant alterations in such conditions as sprue, cholera and various malabsorption states (Sacher et al. 1967 , Norris et al. 1967 , Schmid et al. 1969 . In large intestine, however, studies on patients with ulcerative colitis have shown that the potential is often reversed in the diseased areas. This is found when the disease is active and the potential does not always return to normal until some considerable time after an acute attack (Edmonds 1970) . In some patients, despite the absence of ulceration, grossly abnormal PD measurements were persistent for months. Finally, something needs to be said about electric current measurements. The observed potential depends on an electric current provided by the flow of charged particles or ions, and a resistance provided by the permeability barriers of the epithelium. Change of the potential results either from change of current or from change of resistance; measurement of potential alone does not reveal which is responsible. To measure current, techniques developed for studies with other tissues have been applied to intestinal epithelium. In general these are in vitro techniques and although measurements can be made in living animals (Edmonds & Marriott 1970) they are not practicable in man.
With an in vitro method the electrical resistance of the epithelium can be measured easily if the tissue is mounted as a sheet with both sides bathed by solution in a chamber of the type described by Ussing & Zerahn (1951) which they originally introduced for amphibian skin studies. It is then possible to determine if a change of potential results from altered tissue resistance or whether it reflects a change in ionic transport. In addition to observations on resistance, the current generated by the tissue can be measured and can give information about which ions are chiefly responsible for the potential. When the solutions bathing the epithelium are of identical composition and a current is passed so as to reduce the transepithelial potential to zero, then the value of this so-called short-circuit current must be equal to the sum of all active ionic transport occurring in the epithelium. If at the same time, using radioisotope methods, the actual transport rates of ions are measured, the net ionic movements can be compared with the current. Thus, how much each ion is contributing to the current can be deduced. It is possible, therefore, by using this method to see how changes of potential due to the action of hormones, drugs, substrates, &c., depend on alterations in tissue resistance or depend on changes in the net movement of the various species of ions being actively transported. Clearly such techniques offer considerable assistance in interpreting potential measurements and potential variations under a variety of conditions; unfortunately the practical difficulties have so far confined their use mainly to the in vitro situation and so restricted their application.
In summary, therefore, the electrical potential that is measured in the intestine may arise from several sources. The diffusion potentials and osmotically-induced potentials occur in nonliving systems, but of particular significance to us are the transfer potentials which are unique to biological systems and associated with active transport. As outlined above, the magnitude of the transfer potentials is dependent on a variety of factors, for example various metabolic and hormonal influences, the part of intestine where measurements are done, and the composition both in regard to electrolytes and nonelectrolytes of the solutions bathing the tissue. If any meaningful interpretation of potential measurements is to be made, these many influences must be defined. (1) Ingested ammonia. Except when ammonium chloride or ammonium cycle resins are taken by mouth, the amount ingested is likely to be small. Analysis of faecal dialysate (Metcalfe-Gibson et al. 1967) shows no increase in ammonia concentration after ingestion of ammonium salts; the ammonia is probably absorbed high in the small intestine where the pH is favourable to non-ionic diffusion.
(2) Peptic digestion of protein yields some ammonia from glutamine residues (Melville 1935 , Webster et al. 1958 ).
(3) Autolysis of bacterial protoplasm in the colon probably provides some ammonia, for the ammonia content of faeces steadily increases after they are shed (Ing & Wrong, unpublished) and the precursor cannot be urea which is not present in normal ficces.
(4) The main source of intestinal ammonia is undoubtedly bacterial hydrolysis of urea. Urea
